INTRODUCTION
The equivalent water content of snowpack is the amount of water contained in the snow that is on the ground. Water in the snowpack will run off into streams, rivers, and lakes and recharge the groundwater system when it melts, typically in late winter and spring. Flood-forecasting agencies, people who live near streams, and many water-dependent industries need to know how much water to expect from snowmelt each year. The Maine Cooperative Snow Survey Program, run jointly by the Maine Department of Conservation, Maine Geological Survey (MGS) and the U.S. Geological Survey (USGS), compiles data collected by many agencies and private companies on a regular basis in late winter and spring. Statewide water equivalent maps are available within a day after each snow survey in late winter and early spring on the Internet at http://www.state.me.us/mema/weather/snow.htm.
The depth and water content of the snowpack have been measured at selected sites in Maine for more than 90 years. This information on snow depth and equivalent water content has been collected by electricpower utilities, water-power companies, pulp and paper companies, the National Weather Service (NWS), and the USGS in cooperation with the State of Maine. Hayes (1972) published a summary map report of snowpack data in Maine based on a compilation of data for the period 1941-65. This report was the only statewide publication on mean equivalent water content of snowpack. In addition to mean equivalent water content, the Hayes report shows the average density of snow on March 1 and the average date of maximum water content of the snow across the State.
In 1991, the USGS and the MGS began to compile all historical snow-survey data for the State. The compilation was completed in 1993 and has been supplemented with additional measurements annually since then. This report presents results of the analysis of historical snow-survey data to determine the areal characteristics of the maximum observed and March 1 mean equivalent water content of snowpack for the State. The maps and data presented in this report can be used by State and local governments, water-resources agencies, power companies, engineering design professionals, biologists, and others who are interested in the observed extremes of Maine's winters during the past 90 years. Locations of snow-survey sites were digitized into a geographic information system (Environmental Systems Research Institute (ESRI) ArcInfo version 7.2.1) and linked to a tabular database containing the date of measurement, snow depth, and equivalent water content. Various quality-assurance checks of the data were performed. Site identification numbers, dates, and measurements were examined to eliminate duplicate entries in the tabular database. Snow depths, equivalent water contents, and calculated snow densities (equivalent water content divided by snow depth) were screened for unreasonable values, and anomalous entries were checked. As of summer 2000, the database contained approximately 21,000 measurements made at 282 snow-survey sites. Of the 282 sites, 162 have more than 10 years of record. The number of snowsurvey sites plotted against their period of record (in years) is shown in figure 1.
SNOW-SURVEY DATA FOR MAINE
The distribution of snow-survey sites in Maine and adjacent areas of New Hampshire, and Quebec and New Brunswick, Canada is shown in figure 2 . The sites are well distributed across Maine; however, almost all sites with more than 10 years of record are at altitudes less than 2,000 ft, and over 60 percent of the sites are at altitudes less than 1,000 ft ( fig. 3) . Most of the snowsurvey sites shown in figure 2 are located in relatively flat areas of mixed hardwood and softwood forest. Measurements are not taken in softwood areas. 
ANALYSIS OF DATA ON MAXIMUM OBSERVED EQUIVALENT WATER CONTENT
There are 282 snow-survey sites in and near Maine with equivalent water-content data. The 120 sites with less than 10 years of data were dropped from the analysis, leaving 162 sites. A computer program was written to identify the highest water-equivalent value measured at each site for the 162 sites with more than 10 years of record. These maximum values occur in March or April with very few exceptions, confirming the work of Hayes (1972, fig. 2 ), which shows that the average date of maximum water content of the snowpack ranges from early March along the coast to late March in northern Maine. A map of snow-survey sites with more than 10 years of record sorted by the year of the maximum equivalent water content measurement is shown in figure 5 . During the winter of 1969, maximum values of water content were in the western two-thirds of the State (area west of the solid line in fig. 5 ). During the winter of 1963, maximum values of snow-water content primarily were in the eastern half of the State (east of the dashed line in fig. 5 ). This distribution is not unreasonable because these maximum snow-water content values may be caused by a single major storm or several storms that follow the same storm track. 
Analysis of Maximum Observed Equivalent Water-Content Data 7
Sites with maximum equivalent water-content values measured in years other than 1963 or 1969 were evaluated for inclusion in the analysis by comparing the maximum values at these sites to the closest sites with measurements in either 1963 or 1969. The percent deviation for these sites is shown in figure 6 . As expected, most measurements of equivalent water content in other years were much lower than measurements of water content from neighboring sites in 1963 or 1969; however, there are various exceptions. In northern Aroostook County, the percent differences are much lower and more evenly distributed between positive and negative values than the rest of the State Based on the results described above, only sites measured in 1963 or 1969 plus the 13 sites in northern Maine discussed above and the five sites (Baring, Conway, Parlin Pond, Milo, and Grindstone) discussed in the previous paragraph were included in the final analysis. One site, Harmony/Athens in south-central Maine, measured in 1963, had a maximum observed equivalent water content that was 55 percent lower than surrounding sites with maxima measured in 1969. This site was sampled in 1963 but was not sampled in 1969, the peak snow year for this part of the State, and was dropped from the analysis. This left 109 sites in this analysis to describe the areal variation of maximum observed snow water equivalent values across the State.
The final 109 sites (out of the original 162 sites) with more than 10 years of record that remain in the analysis are shown in figure 7 and table 1. In the final data set, 12 winters are represented among the 109 measurements, with 83 percent of the maximum measurements occurring in the heavy snow years 1963 and 1969. The distribution of the maximum values is shown in figure 8 .
The 109 sites shown in figure 7 were used to prepare a contour map ( fig. 9 ) of maximum observed equivalent water content in snowpack by the method described below using the ESRI ArcInfo GRID module. The 109 data points shown in figure 7 were used to prepare a 1,000-meter by 1,000-meter grid of maximum observed equivalent water content in snowpack. An inverse distance formula with a weighting exponent of 3 was used to calculate water content in snowpack in grid cells with no data points. The weighting exponent of 3 was selected as an appropriate smoothing factor for the areal density of data points on the map. This grid of maximum observed equivalent water content in snowpack was converted to a contour map using the GRID module. The resulting line coverage was smoothed manually to remove artifacts of the raster-to-vector conversion. Contour lines are expected to be more accurate in areas with a high density of snow-survey sites than in areas with a low density of sites. There are few snow-survey sites above 2,000 ft in altitude in Maine ( fig. 3) , and no attempt was made to include altitude effects in the creation of the grid of maximum observed equivalent water content in snowpack. The depth and water content of seasonal snowpack usually increases with altitude because of the larger number of snowfall events and lower amounts of evaporation and snowmelt (Gray and Prowse, 1993) . The maximum observed equivalent water content for areas above 2,000 ft may be seriously underestimated in figure 9 .
Altitude effects combined with local site conditions such as forest type, slope, and aspect at a single site are responsible for much of the smaller-scale variability in maximum observed equivalent water content in snowpack. Because there is more variability in maximum equivalent water content in Maine than is represented by observed water content, local areas may have higher or lower water content than is shown in figure 9 . 
Analysis of Mean Equivalent Water Content on March 1 Data

ANALYSIS OF DATA ON MEAN EQUIVALENT WATER CONTENT ON MARCH 1
The 109 sites discussed in the previous section ( fig. 7 , table 1) also were used to prepare a contour map of mean equivalent water content in snowpack on or about March 1 (fig. 10) . A program was written to extract all values of equivalent water content for a site in a 7-day window (+/-3 days) centered on March 1. The resulting data sets were examined, and any site with fewer than 10 measurements was removed from the sample set. It was possible for a site to be included in the map of maximum observed equivalent water content and excluded from the map of mean equivalent water content on March 1. This results because a site may have had more than 10 years of record but the site was not sampled on or about March 1 in some of those years. Seven of the 109 sites shown in figure 7 had fewer than 10 measurements on or about March 1; 102 sites were used to prepare figure 10.
To prepare the map of mean equivalent water content on or about March 1, the mean water content for each of the 102 sites was calculated and stored with the data points. Using the ESRI ArcInfo GRID module, a 1,000-meter by 1,000-meter grid of mean equivalent water content in snowpack was created. An inverse distance formula with a weighting exponent of 3 was used to calculate water content in snowpack in grid cells with no data points. This grid of mean equivalent water content in snowpack was converted to a contour map using the GRID module. The resulting line coverage was manually smoothed to remove artifacts of the raster-to-vector conversion. Contour lines are expected to be more accurate in areas with a high density of snow-survey sites than in areas with a low density of sites.
The mean equivalent water content ( fig. 10 ) ranged from 3 to 5 in. along the coast to 7 to 9 in. in the mountains of northwestern Maine and in northern Maine. This map shows less small-scale variability than the map of maximum observed equivalent water content.
As with the maximum observed equivalent water content map, March 1 mean equivalent water content ( fig. 10 ) may be seriously underestimated in areas with altitudes above 2,000 ft. Local areas at other altitudes may have higher or lower mean water equivalents than those shown in figure 10.
SUMMARY
Historical snow data have been analyzed using geographic information systems (GIS) software to determine the magnitude and distribution of maximum observed equivalent water content of snowpack for the State of Maine. Available data from the beginning of records at sites through the winter of 1999/2000 were compiled as part of the Maine Cooperative Snow Survey Program, run jointly by the Maine Department of Conservation, Maine Geological Survey and the USGS. The data were collected by electric-power utilities, water-power companies, pulp and paper companies, the National Weather Service, and the USGS in cooperation with the State of Maine.
Data from 109 sites with an average of 43 years of record were used to generate the map of maximum observed equivalent water content in the GIS software. Some sites had as many as 90 years of data. An inverse distance formula was used to calculate water content in snowpack in areas with no data.
Maximum observed water content ranged from less than 8 in. in south-coastal Maine to more than 20 in. in the northwestern mountains. Maximum observed water content was between 12 and 16 in. over much of the State. A map of mean equivalent water content in snowpack on or about March 1 also was prepared with data from these sites. The March 1 mean equivalent water content ranged from less than 4 in. near the coast to more than 9 in. in northern Maine. Mean water content was between 5 and 7 in. over a large part of the State. 
